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The same instructor taught the old -system mechanics and half of the new-system E&M course. In both systems, the classes did not include recitation sessions, as it was found that those sessions did not have any significant learning benefit. 5 The final grades were based on multiple categories: homework (30% old E&M, 23% new mechanics, and 25% new E&M), midterms (40% total old E&M, 52% each new mechanics, and 50% new E&M), and final exam (30% old E&M, 25% new mechanics, and new E&M). The classes had varying bonus points for pre -class reading quizzes (up to 5% old system E&M) and clicker participation (up to 5% in all courses). At the end of each of the semesters, the students were given a questionnaire, primarily intended to obtain feedback on the class and the textbook.
Cheating on homework
Formative assessment is only useful if students are truly taking advantage of it to evaluate their learning progress rather than perceiving it as a chore that should be circumvented in the most efficient way. Copying homework answers from other students, be it in person or through online "cheat websites, " is detrimental to learning success. 6 Cheating is different from collaborating, where students truly work together to solve problems and teach each other, which in turn can be a signature of desirable learning strategies. 7 In order to encourage collaboration, LON-CAPA 3 has different versions of the same problem for every student, as well as monitored discussion boards attached to the problems. It has been shown that use of these monitored discussion boards (sanctioned collaboration) is positively correlated with success in the course, while the use of external cheat websites is negatively correlated with success in the course. 8 For our studies reported on here we collected student responses through anonymous questionnaires, which were not traceable to individual students. The questionnaire was filled out by 193 students in the old system E&M course, 186 students in the new system E&M course, and 269 students in the new system mechanics course. Our most notable finding 1 There is, however, only anecdotal evidence that the same would be true for more frequent summative assessment (exams). There may be many arguments against giving more exams, including the general "pain" associated with examinations, as well as reduced teaching time, since classroom sessions are dedicated to exams rather than lecturing. We present evidence that increasing the number of exams in fact does lead to better learning success, less cheating and guessing on homework, and better student course evaluations.
Introducing additional midterms
Our first evidence of more exams being more highly favored by students was inadvertently gathered in an introductory physics course for mostly premedical students: as the instructor changed between two semesters, the number of exams was reduced from six midterms to only three midterms.Written course evaluation from a large percentage of the students indicated that they liked the old exam system better, and that in fact the new system with fewer exams was "unfair. " The data presented in this study come from three other classes, in two different calculus-based courses, taught over two semesters: two E&M courses, one with the old system (two midterms, 294 students) and one with the new system (13 weekly midterms, 442 students), and one mechanics course with the new system (13 weekly midterms, 464 students). The additional exams replaced the exam-retake mechanism, which had been used for several years; 2 in the old system, after each of the two midterms, students were allowed to retake the exam again online for partial credit, while in the new system with weekly exams no such opportunity was provided. Both in the old and the new system, midterm exams were taking up one previously scheduled and announced class period (50 minutes) each. In character, these midterms were like homework questions, but required transfer to new contexts. Some of the final exam problems in turn were similar to problems appearing on the midterms. All exams were administered using multiple-choice bubble sheets in connection with a learning content management system (LON-CAPA 3 ) to manage test banks. The system's shared content pool includes over 100,000 homework problems on the introductory physics level, including 1500 problems specifically coded for our textbook. 4 With some experience, a complete exam can be between the two different exam schedules. For example, the self -reported use of the help room (a collaborative learning center staffed by graduate and undergraduate teaching assistants) and the percentage of students actually doing the reading assignments were very similar between all three classes.
Guessing on homework
Most online homework systems allow for multiple submissions, so students have more than one opportunity to get a is that student self-reported cheating using websites dropped off substantially. Figure 2 shows a histogram of the percent of homework problems students claim they cheated on in each semester. The number of students who cheated on more than 20% of their homework problems dropped to almost zero in the semesters that had 13 exams. The presumed reason behind this is that it doesn't make any sense for students to cheat on the homework due Sunday only to try and learn everything for the test on Monday.
The second surprising finding was that students both used and contributed to the sanctioned discussion boards more frequently. Figure 3 shows that a large majority of the students in the semester with only two midterms used the discussion boards for only 10-20% of their homework. By contrast, students in the classes with 13 exams used the discussion boards much more. In addition to their use of the discussion boards, students also contributed significantly more frequently to the sanctioned course discussions: the E&M class under the old system had an average of 0.015±0.014 posts per homework problem per student, whereas the same class under the new system had an average of 0.026±0.011 posts per homework problem per student; using Welch's ttest, the difference is significant at the p < 0.0001 level.
Several other components of the class did not change out that the average time between resubmissions for the old course is about 31minutes, while for the new course it is 17 minutes-students in the new course were faster in reworking the problems.
Outcomes at the end of the semester
An obvious concern when increasing the number of exams given in a class is the reception by the students.While they seemed unhappy with the system when they first heard about it, they ultimately were much happier with it than having only two midterm exams. Figure 5 shows a significant increase in student satisfaction with the new exam schedule over the old one, with the number of likes and dislikes basically swapping between the two exam schedules.
Of course, the most important question is whether or not the students learned more with the new system. While we have no direct measure of this, one obvious comparison is the results on the comprehensive final exams. Figure 6 shows the grade distributions on the final exam in the two E&M classes. The average grade on the final exam for the class using the new system was 67%, whereas the average for the class using the old system was 42%. While this is not conclusive evidence that the students learned more, it is at least another indicator that this new exam schedule is beneficial for students. The loss of lecture time did not appear to negatively affect the learning outcomes, which is hardly surprising. 10 problem correct and master the associated concept. Unfortunately, students frequently take advantage of multiple tries by guessing on different answers, randomly changing signs, factors of two, orders of magnitude, etc. A signature of such guessing behavior is a short time interval between two subsequent submissions 5, 9 after getting a problem wrong, students submit another attempt within just a few seconds.
Both E&M classes used essentially the same online homework problems, which were mostly numerical in nature. Figure 4 shows the percentage of the total number of resubmissions versus the time between resubmission on the same problem. It turns out that in the old system, students more quickly resubmit after a failed attempt than in the new system. For example, in the old system half of the resubmissions occur within 43 seconds, compared to 48 seconds in the new system. Resubmissions that occur in less than 10 seconds are clearly guesswork; in the old system, 30% of the resubmissions occurred within less than 10 seconds, while in the new system, 25% did so.
The distributions of resubmission times are significantly different up to a 145-second cutoff (approx. 2.5 minutes) on a two -sample Kolmogorov-Smirnov test (p < 0.05), while for longer cutoffs, the difference is not significant anymore-the resubmission time distributions differ for guessing answers, but not when it comes to actually reworking the problems. In fact, both distributions have very long tails, and it turns 
Conclusion
Alongside with more frequent exams, student selfreporting of cheating significantly decreased, while desirable discussion and peer -teaching behavior increased. Also, timing signatures of guessing on homework significantly decreased. As an exam is "always around the corner, " homework is likely perceived more as a time to study than as a chore, and there is some urgency to actually understanding the material rather than just getting the points and postponing learning until the night before each midterm.
Student performance on solving standard numerical problems increased: giving students the task to sit down each week and really solve problems all by themselves accomplishes much more than recitation sessions (where often TAs solve problems and the students just wait for others to do the work). Like online exam retakes 2,11 the high frequency of exams also partially turned them into formative venues. However, students appear to prefer more exams to the online retakes, likely because each exam is less high stakes. As students get more immediate feedback on their learning progress, any shortcomings can be remedied before the student falls behind hopelessly. While increasing the number of exams given in a semester can be a bit taxing on the instructors, it ultimately seems to improve student performance and attitude. The effort to generate this large number of exams can be reduced by using a learning content management, such as LON-CAPA, 7 to manage exam question test banks.
